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1. INTRODUCTION {#dom13578-sec-0001}
===============

Hypoglycaemia has been reported as the key factor limiting attainment of optimal glycaemic control in diabetes.[1](#dom13578-bib-0001){ref-type="ref"} Patients with diabetes are tasked with maintaining euglycaemic blood glucose levels, but those treated with insulin are at risk of developing hypoglycaemia.[2](#dom13578-bib-0002){ref-type="ref"} Thus, insulin therapy often involves a compromise between achievement of glycaemic control and avoidance of hypoglycaemia. Intensive insulin therapy for glycaemic control effectively reduces the risk of microvascular complications such as retinopathy, nephropathy and neuropathy in patients with diabetes,[3](#dom13578-bib-0003){ref-type="ref"} but there is some evidence implicating hypoglycaemia in macrovascular events.[4](#dom13578-bib-0004){ref-type="ref"} In addition, fear of hypoglycaemia amongst individuals with diabetes and physicians remains a major impediment to implementation of intensive therapy which can lead to sub‐optimal insulin dosing,[1](#dom13578-bib-0001){ref-type="ref"}, [5](#dom13578-bib-0005){ref-type="ref"} potentially resulting in impaired glycaemic control. Hence, an insulin that offers optimum glycaemic control with a lower risk of hypoglycaemia, compared with other treatments, could be of benefit to individuals with diabetes. This article focuses on comparing the risk of hypoglycaemia between two basal insulins.

Insulin glargine 300 U/mL (Gla‐300) has more stable and prolonged pharmacokinetic (PK) and pharmacodynamic (PD) profiles compared with insulin glargine 100 U/mL (Gla‐100), evidenced by a longer time (∼3 hours) to reach 50% of the total insulin exposure and activity during the 36‐hour clamp procedure, lower maximum exposure and activity, a shorter terminal half‐life, and tight blood glucose control that was maintained approximately five hours longer with Gla‐300 vs Gla‐100.[6](#dom13578-bib-0006){ref-type="ref"} This translated into comparable glycaemic control and less hypoglycaemia with Gla‐300 vs Gla‐100 in individuals with type 2 diabetes (T2DM), as demonstrated in a previous patient‐level meta‐analysis of data from the Phase 3a EDITION 1, 2 and 3 clinical trials.[7](#dom13578-bib-0007){ref-type="ref"} However, that meta‐analysis was unable to assess whether the reduced risk of hypoglycaemia associated with Gla‐300 vs Gla‐100 is limited to individuals with a particular HbA1c level or, rather, it is achieved irrespective of the degree of glycaemic control attained.

To address the question of whether the reduction in risk of hypoglycaemia with Gla‐300 vs Gla‐100 applies across all HbA1c levels, the current study explored the relationship between hypoglycaemia over six months and HbA1c at Month 6 in T2DM clinical trials comparing Gla‐300 with Gla‐100 using data from the EDITION 1, 2 and 3 studies.

2. METHODS {#dom13578-sec-0002}
==========

The EDITION 1, 2 and 3 trials (Table [S1](#dom13578-supitem-0001){ref-type="supplementary-material"}) were multicentre, randomized, open‐label, two‐arm, parallel‐group, treat‐to‐target Phase 3a clinical trials that compared the efficacy and safety profiles of Gla‐300 with those of Gla‐100 in different groups of individuals with T2DM over a 6‐month treatment period (NCT01499082, NCT01499095, NCT01676220).[8](#dom13578-bib-0008){ref-type="ref"}, [9](#dom13578-bib-0009){ref-type="ref"}, [10](#dom13578-bib-0010){ref-type="ref"} Details of these studies have been described previously.[8](#dom13578-bib-0008){ref-type="ref"}, [9](#dom13578-bib-0009){ref-type="ref"}, [10](#dom13578-bib-0010){ref-type="ref"} All participants from these studies were at least 18 years of age, with a diagnosis of T2DM according to World Health Organization criteria.[11](#dom13578-bib-0011){ref-type="ref"} In summary, in the EDITION 1 rial, participants were previously receiving basal insulin therapy (≥42 U/d of either Gla‐100 or neutral protamine Hagedorn \[NPH\] insulin), in conjunction with mealtime insulin, with or without metformin, for at least 1 year.[8](#dom13578-bib-0008){ref-type="ref"} In the EDITION 2 trial, participants had been receiving basal insulin treatment (≥42 U/d of either Gla‐100 or NPH insulin) in combination with non‐insulin antihyperglycaemic agents, excluding sulphonylureas for two months prior to randomization.[9](#dom13578-bib-0009){ref-type="ref"} In the EDITION 3 trial, participants were insulin‐naïve and had used non‐insulin antihyperglycaemic agents for at least six months prior to screening.[10](#dom13578-bib-0010){ref-type="ref"} Exclusion criteria included HbA1c \< 7.0% for all three studies, HbA1c \>10.0% for the EDITION 1 and 2 studies and \>11.0% for the EDITION 3 study. In each study, participants were randomized (1:1) to once‐daily evening injections of Gla‐300 or Gla‐100, titrated to a fasting self‐monitored plasma glucose target of 80 to 100 mg/dL (4.4‐5.6 mmol/L). Although the EDITION 1, 2 and 3 studies were conducted in different populations, the consistent study designs and endpoints allowed a pooled analysis, as reported previously.[7](#dom13578-bib-0007){ref-type="ref"} To avoid excessive heterogeneity, studies in type 1 diabetes and in Japanese populations were not included in the analyses.[12](#dom13578-bib-0012){ref-type="ref"}, [13](#dom13578-bib-0013){ref-type="ref"}, [14](#dom13578-bib-0014){ref-type="ref"}

2.1. Statistical analysis {#dom13578-sec-0003}
-------------------------

A patient‐level pooled analysis of the EDITION 1, 2 and 3 studies was performed. A regression model for count data with negative binomial distribution was used to model the number of hypoglycaemic events up to Month 6, including treatment arm and HbA1c at Month 6 as covariates and logarithm of the observation period duration as offset. A model including a treatment‐by‐HbA1c interaction term was also implemented, which did not significantly improve the goodness‐of‐fit. Pooling the three studies, interaction *P* values were 0.937 and 0.829 for anytime hypoglycaemia and for nocturnal hypoglycaemia, respectively. Therefore, the model without this interaction term was considered to describe the data accurately. For each treatment group, the curve represented paired data, HbA1c at Month 6 and predicted number of events up to Month 6, across all patients in the treatment group. Goodness‐of‐fit of the model was assessed using Pearson\'s chi‐squared test. Analyses were performed on data from individual studies and from the pool of all three studies. Hypoglycaemia was defined as "confirmed" (≤3.9 mmol/L \[≤70 mg/dL\]) or "severe" based on ADA definitions,[15](#dom13578-bib-0015){ref-type="ref"} and including symptomatic or asymptomatic events accompanied by a blood glucose measurement of ≤3.9 mmol/L \[≤70 mg/dL\], as well as any events defined as severe, that is, requiring assistance by another person to administer carbohydrate, glucagon or other therapy). Annualized rates of "confirmed" (≤3.9 mmol/L \[≤70 mg/dL\]) or "severe" hypoglycaemia were analysed at any time of day (24 hours) and during the night (00:00‐05:59 [am]{.smallcaps}).

3. RESULTS {#dom13578-sec-0004}
==========

This patient‐level pooled analysis included 2496 participants, of whom 1247 and 1249 were randomized to Gla‐300 and Gla‐100, respectively. Mean baseline characteristics were comparable between treatment groups in the individual studies and in the pooled analysis population (Table [S1](#dom13578-supitem-0001){ref-type="supplementary-material"}).

As reported previously,[8](#dom13578-bib-0008){ref-type="ref"}, [9](#dom13578-bib-0009){ref-type="ref"}, [10](#dom13578-bib-0010){ref-type="ref"} in these treat‐to‐target trials the mean HbA1c achieved after six months was similar for Gla‐300 and Gla‐100 (EDITION 1, 7.25% and 7.28%; EDITION 2, 7.57% and 7.56%; EDITION 3, 7.08% and 7.05%, respectively).

In the pooled analysis, a significant inverse relationship between rate of hypoglycaemia and HbA1c at Month 6 (Figure [1](#dom13578-fig-0001){ref-type="fig"}) was documented. Importantly, a significantly lower rate of confirmed (≤3.9 mmol/L \[≤70 mg/dL\]) or severe hypoglycaemia during the night (00:00‐05:59 [am]{.smallcaps}) was observed with Gla‐300 compared with Gla‐100, regardless of HbA1c at Month 6 (*P* = 0.001) (Figure [1](#dom13578-fig-0001){ref-type="fig"}); that is, the inverse curve of hypoglycaemia risk vs HbA1c at six months was shifted down with Gla‐300 vs Gla‐100. When the individual studies were analysed for nocturnal hypoglycaemia, the only statistically significant difference was in the EDITION 2 study (*P* = 0.001) (Figure [2](#dom13578-fig-0002){ref-type="fig"}). No significant difference between treatments in rate of confirmed (≤3.9 mmol/L \[≤70 mg/dL\]) or severe hypoglycaemia at any time of day (24 hours) was observed in the pooled analysis (Figure [1](#dom13578-fig-0001){ref-type="fig"}). However, a statistically significant difference was observed in the EDITION 3 study alone (*P* = 0.042) (Figure [2](#dom13578-fig-0002){ref-type="fig"}).

![Estimated annualized rates of confirmed (≤3.9 mmol/L \[≤70 mg/dL\]) or severe hypoglycaemia over six months of treatment with Gla‐300 or Gla‐100 in a patient‐level pooled analysis of the T2DM EDITION 1, 2 and 3 studies, as a function of HbA1c at Month 6. Modified intent‐to‐treat population. Abbreviations: Gla‐100, insulin glargine 100 U/mL; Gla‐300, insulin glargine 300 U/mL; HbA1c, glycated haemoglobin; T2DM, type 2 diabetes mellitus](DOM-21-715-g002){#dom13578-fig-0001}

![Estimated annualized rates of confirmed (≤3.9 mmol/L \[≤70 mg/dL\]) or severe hypoglycaemia over 6 months of treatment with Gla‐300 or Gla‐100 in the T2DM EDITION 1, 2 and 3 studies, as a function of HbA1c at Month 6. Modified intent‐to‐treat population. Glucose‐lowering therapy at screening: EDITION 1, basal insulin + mealtime insulin ± metformin; EDITION 2, basal insulin + OADs; EDITION 3, OADs (insulin‐naïve). Abbreviations: Gla‐100, insulin glargine 100 U/mL; Gla‐300, insulin glargine 300 U/mL; HbA1c, glycated haemoglobin; OAD, oral antihyperglycaemic drug; T2DM, type 2 diabetes mellitus](DOM-21-715-g001){#dom13578-fig-0002}

4. DISCUSSION {#dom13578-sec-0005}
=============

In T2DM, when evaluating hypoglycaemia, it is important to consider glycaemic control, as achieving glycaemic targets with minimal hypoglycaemia could promote adherence to therapy and reduce the risk of long‐term micro‐ and macrovascular complications.[16](#dom13578-bib-0016){ref-type="ref"}, [17](#dom13578-bib-0017){ref-type="ref"}

In this patient‐level pooled analysis of individuals with T2DM, treatment with Gla‐300 resulted in a lower rate of nocturnal (00:00‐05:59 [am]{.smallcaps}) confirmed (≤3.9 mmol/L \[≤70 mg/dL\]) or severe hypoglycaemia than the rate with treatment with Gla‐100, regardless of HbA1c at Month 6. Importantly, the current analysis supports the existence of an inverse curvilinear relationship between risk of hypoglycaemia and glucose control, irrespective of the type of basal insulin used, which is in line with previous literature.[18](#dom13578-bib-0018){ref-type="ref"} This inverse relationship has been found with biochemical hypoglycaemia (≤3.9 mmol/L). In the EDITION studies, primary hypoglycaemia analyses were based on events confirmed by blood glucose ≤3 .9 mmol/L, in line with ADA guidelines at the time of study design.[15](#dom13578-bib-0015){ref-type="ref"} The newer International Hypoglycaemia Study Group guidelines highlighted the importance of blood glucose concentrations \<v3.0 mmol/L,[19](#dom13578-bib-0019){ref-type="ref"} but the lower number of such events prevents analysis of data using the current model. It should be noted, however, that population analyses have shown no association between risk of severe hypoglycaemia and HbA1c,[20](#dom13578-bib-0020){ref-type="ref"} while analysis of clinical trials reveals differing hypoglycaemic rate reductions with Gla‐100 vs NPH insulin, dependent on adjustment for baseline, endpoint or change in HbA1c.[18](#dom13578-bib-0018){ref-type="ref"} Clearly, HbA1c is not the sole determinant of hypoglycaemia risk, which is dependent upon a number of factors including hypoglycaemia definition.

Hypoglycaemia is often managed by increasing the HbA1c goal and de‐intensifying the glycaemic treatment programme,[21](#dom13578-bib-0021){ref-type="ref"} which can have a negative impact on rates of microvascular complications. Between‐treatment differences (Figure [1](#dom13578-fig-0001){ref-type="fig"}) could manifest by either a lower hypoglycaemia rate for the same HbA1c, or by a lower HbA1c for the same hypoglycaemia risk, across a wide range of HbA1c values. Therefore, a more appropriate way to limit hypoglycaemic events in a patient using Gla‐100 may be to switch to a different basal insulin that results in less hypoglycaemia, such as Gla‐300, rather than to raise the HbA1c goal, irrespective of the prevalent HbA1c level.

Thus, no matter whether the patient has poor glucose control and is at low risk of hypoglycaemia or has almost normal glucose control and is at the highest risk of hypoglycaemia, use of Gla‐300 rather than Gla‐100 is expected to convey the benefit of a sizeable reduction in risk of hypoglycaemia (Figure [1](#dom13578-fig-0001){ref-type="fig"}). It should be noted that the model used, without a treatment‐by‐HbA1c interaction term, does not allow the two individual treatment curves to cross each other, but addition of this interaction term did not improve the model\'s goodness‐of‐fit and, thus, the chosen model was appropriate for the data.

This finding of less hypoglycaemia with Gla‐300 vs Gla‐100, irrespective of HbA1c at Month 6, in this patient‐level pooled analysis was generally consistent with observations in the individual EDITION 1, 2 and 3 clinical trials, across individuals with a broad range of disease characteristics and at different stages of disease (Figure [2](#dom13578-fig-0002){ref-type="fig"}). For hypoglycaemia at any time of day (24 hours), the pooled results seem driven mainly by the EDITION 2 (*P* = 0.075) and EDITION 3 (*P* = 0.042) trials, and not by the EDITION 1 (*P* = 0.850) trial. Similarly, for nocturnal (00:00‐05:59 [am]{.smallcaps}) hypoglycaemia, pooled results seem driven mainly by the EDITION 1 (*P* = 0.056) and EDITION 2 (*P* = 0.001) trials, and not by the EDITION 3 (*P* = 0.843) trial. There are potential explanations for these apparent discrepancies. In the EDITION 1 study, participants were taking mealtime insulin in addition to basal insulin. The former is known to convey the highest risk of hypoglycaemia in patients with T2DM, which may have confounded any analysis of hypoglycaemia attributable to basal insulin,[8](#dom13578-bib-0008){ref-type="ref"} particularly when analysed at any time of day (24 hours). Participants in the EDITION 3 trial were insulin naïve prior to the study, and experienced a several‐fold lower rate of hypoglycaemic events than experienced by those in the EDITION 1 and 2 trials.[8](#dom13578-bib-0008){ref-type="ref"}, [9](#dom13578-bib-0009){ref-type="ref"}, [10](#dom13578-bib-0010){ref-type="ref"} This may have affected the ability to detect between‐treatment differences in risk of hypoglycaemia, particularly when only nocturnal events were analysed.

Limitations of this analysis include a relatively small sample size for individual studies, investigation of only hypoglycaemia rates and not incidence, as the exact methodology used cannot be applied to percentage of participants with an event, and the fact that results may not be generalizable to populations not included in these trials.

In conclusion, the results of this patient‐level pooled analysis of the EDITION 1, 2 and 3 trials document that, in patients with T2DM who are using either Gla‐100 or Gla‐300, there is an inverse relationship between HbA1c and risk of hypoglycaemia, and that this relationship is shifted towards lower rates of hypoglycaemia with Gla‐300. Thus, treatment with Gla‐300, as compared with treatment with Gla‐100, could allow individuals with T2DM to achieve comparable glycaemic control with less hypoglycaemia, or better glucose control with the same risk of hypoglycaemia, across a wide range of HbA1c levels.
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